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) for various xed values of x. The curves are approximately linear, while the slope of the curves saturates at
about 0:5 at small x, in agreement with the approximation of Eq. (2).
If the heavy-quarks PDFs are directly proportional to the gluon PDF, it is reasonable to expect that their


















 1. We test this relation by estimating the PDF uncertainties with the Hessian matrix method
proposed J. Pumplin, et al. [9]. This paper contains 16 pairs of PDF sets, where each pair corresponds to
varying one independent parameter z
i
in the PDF t such that the 
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where the \tolerance" T is a scaling parameter that determines the overall range of allowed variation of 
2
[9].
In this study we use T = 10.




on x and . We see that these ratios are quite close
to unity for x < 0:05, but climb to about 2 at larger x. The approximation (3) holds better for b quarks: 
b
is
less than 1:4 at x  0:1 and the whole range of , while 
c
can reach up to 1:75 in this region. The values 
Q
are close to 1 as x! 0, which supports the validity of Eq. (2) in the small-x region.








) as functions of x at various
values of . Both uncertainties have minima around x  0:01, where the PDFs are best constrained by the
existing data. At small x, the uncertainties grow because the small-x region is covered only by DIS experiments,
which do not constrain well the gluon PDF. At x
>

0:1, the heavy-quark PDFs become negligible compared to
the valence quark PDFs, so that c(x; 
2
) and b(x; 
2




Single-top-quark production via t-channel W -exchange probes the b-quark PDF at   m
t
' 175 GeV. The
range of x probed at the run II of the Tevatron for accepted events is 0:06{0:5, with the bulk of the cross section
coming from the region around x ' 175=2000 ' 0:09. Using this value of x and Fig. 3b, we can estimate the
uncertainty of the total cross section at run II to be  15%. We have explicitly re-calculated the NLO cross







%, in excellent agreement with Fig. 3b. For this choice of T , and using CTEQ5M1 PDFs, the PDF














































































FIG. 2: The ratios 
Q




























































































FIG. 3: The uncertainties of the c and b distribution functions as a function of x for various values of scale .
is accumulated. One positive note is that Fig. 3b predicts and uncertainty of around 7% at the LHC, which
will be comparable to experimental systematics.
The approximation that the heavy-quark uncertainties are the same as the gluon uncertainty is a good
guess for smaller x and . We calculate these uncertainties using a \tolerance" T = 10 in a Hessian matrix
method [9]. We show that the heavy-quark uncertainties strongly depend on x and relatively weakly on the




pb at run II of the Tevatron.
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